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Abstract

Background: Anesthesia under dosage causes awareness,
while over dosage results in drug complications. Endotracheal
intubation must be after an adequate level of anesthesia.
Propofol is an IV short-acting anesthetic which causes hypo-
tension in a dose dependent effect. With entropy, SE level 40-
60 and RE-SE difference <10 are the target during anesthesia.
Geriatrics are different in EEG spectral patterns than young
patients and are more vulnerable to complications of endotra-
cheal intubation and propofol.

Aim of Study: The aim of this study was to compare
between the conventional clinical end-point of hypnosis and
entropy on the dosage requirement of propofol and hemody-
namic during propofol induction of general anesthesia in
geriatric patients.

Methods and Material: 60 patients, aged 60-80y, from
both sexes, ASA I-II scheduled for an elective surgery required
general anesthesia and endotracheal intubation were included.
Group-I (control group): Propofol 30mg every 1min till loss
of response to verbal commands and group-II (entropy group):
Propofol 30mg every 1min till response entropy 48£2. Patient's
demographic data, the total dose of propofol used for induction,
(HR, MAP and entropy parameters) at baseline (T1), after
induction of anesthesia (T2), during (T3), 1min and Smin
after tracheal intubation (T4, T5).

Results: Total dose of propofol, HR & MAP readings
revealed no significant difference between two groups. After
induction, both RE and SE dropped significantly in both
groups when compared to baseline. There was no difference
in SE & RE between the two groups.

Conclusion: During intubation, usual titration of propofol
until loss of verbal response, with the dose given in our study,
is as good as entropy monitoring in elderly patients. So,
routine use for this may not be necessary and can be used in
other age groups, other anesthesia situations, medicolegal
purposes and research.
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Introduction

ANESTHESIA under dosage causes awareness,
while over dosage results in drug complications
[1]. Endotracheal intubation must be after an ade-
quate level of anesthesia as light anesthesia leads
to sympathetic stimulation, laryngospasm, bron-
chospasm, and traumatization of airway and over
dosage of anesthetics with delay in intubation leads
to bradycardia, arrhythmia, hypotension and at
last, respiratory and cardiovascular arrest [2].

Propofol is an IV short-acting anesthetic which
causes hypotension in a dose dependent effect [3].
Over or under dosage may occur if fixed dose is
given guided by loss of verbal response [1].

Entropy monitor is a combined EEG and EMG
monitor which is used to monitor hypnosis and
depth of anesthesia [4]. The State Entropy (SE)
reflects the effect of anesthetics on the cortex as
it is the EEG dominant part whereas the Response
Entropy (RE) comprises both EEG and frontal
EMG [5], so it impends awakening of the patient.
RE varies from 0 to 100, whereas SE ranges be-
tween 0 and 91. SE level 40-60 and RE-SE differ-
ence <10 are the target during anesthesia [6,7].

Geriatrics are different in EEG spectral patterns
than young patients and also they are more vulner-
able to complications of endotracheal intubation
and propofol [8,9].

The aim of this study was to compare between
the conventional clinical end-point of hypnosis
and entropy on the dosage requirement of propofol
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and hemodynamic during propofol induction of
general anesthesia in geriatric patients.

Methods and M aterial

This prospective randomized blind study was
carried out at Tanta University Hospitals for six
months from October 2017 to March 2018. All
data of patients was confidential with secret codes
and private file for each patient. After approval
from ethica committee, awritten informed consent
obtained from all participantsin this research. Each
patient received an explanation to the purpose of
the study.

Sixty patients, aged 60-80y, from both sexes,
ASA I-Il scheduled for an elective surgery required
general anesthesia and endotracheal intubation
were included.

Exclusion criteria were: Patient refusal, patients
with severe cardiac disease, liver diseases and
renal dysfunction, patients with known hypersen-
sitivity to study drugs, anticipated difficult airway
access, two unsuccessful attempts of tracheal intu-
bation were considered secondary exclusion crite-
rion, history of acohol or drug abuse and chronic
analgesic use, patients with history of any psychi-
atric illness, stroke with residual neurologic deficits
or atered mentation, CNS disorders, Alzheimer
disease, dementia, brain atrophy and other neuro-
logical disorders and patients under treatment with
sedatives, anticonvulsants, opioids or any long-
term use of other drugs affecting the CNS. This
study included 60 patients who were randomly
classified using sealed envelopes into two equal
groups, each group contains 30 patients.

Pre-operative assessment was done by: History
taking, clinical examination including airway eval-
uation using Mallampati classification, routine
laboratory investigations including complete blood
picture, coagulation profile (prothrombin time,
activity and INR), liver functions, renal functions,
random blood sugar, cardiovascular assessment
and ECG. A pre-operative fasting period of 6 hours
for solids and 2 hours for clear fluids. No premed-
itation was given.

On arrival of the patient to OR, an IV line
inserted and IV infusion of ringer lactated was
started. All patients connected to monitor displaying
the following: Electrocardiogram (ECG), Heart
Rate (HR), peripheral oxygen saturation (SpO 2)
using pulse oximetry, Non-Invasive Blood Pressure
(NIBP) monitoring Mean Arterial blood Pressure
(MAP), end tidal carbon dioxide (EtCO 2) by using
capnogram, entropy parameters (SE & RE) by GE

Datex-Ohmeda EntropyTM Module. By applying
the entropy sensor (self-adhesive entropy sensor
consisting of three electrodes) on the patient's
forehead (fronto-temporal region) according to the
instructions provided on the sensor pouch after
skin preparation with disinfectant alcohol and slight
rubbing. This sensor connected to the entropy
monitor (M-Entropy Plug-in Module S/5; Datex-
Ohmeda, Finland). Baseline parameters were re-
corded.

Before induction of anesthesia, 100% oxygen
for 2-3min was applied. The induction was done
with 1V fentanyl (1 gkan., followed 3min later by
propofol asfollowing: Group-I (control group):
IV propofol 30mg was given every 1 minute till
loss of response to verbal commands. Group-11
(entropy group): 1V propofol 30mg every 1 minute
till response entropy 48+2 as an end point of hyp-
nosis. Then cis-atracurium 0.15mg/kg was given
then lungs were ventilated with bain circuit by
oxygen and isoflurane at 1 MAC for 3 minutes by
tightly fitted face mask, thereafter, tracheal intu-
bation was performed with a cuffed endotracheal
tube of appropriate size. Tidal volume and respira-
tory rate were adjusted to maintain EtCO 2 between
32 to 35mmHg. Maintenance was by mixture of
oxygen and isoflurane at IMAC.

The following data were measured for each
patient: Patient's demographic data (age, sex,
weight and body mass index), the total dose of
propofol used for induction of anesthesiato attain
the desired end points as loss of verbal response
(Group I) or response entropy of 48 =2 (Group I1)
were recorded (primary outcome), hemodynamics
(HR & MAP) were recorded at baseline, induction,
intubation, and at 1, 5 minutes after intubation and
entropy parameters (RE and SE). The values of
entropy and hemodynamics were recorded at the
following measurement time (T): Baseline value
before induction of anesthesia (T 1), after induction
of anesthesia at end point of hypnosis as per group
(T5), during tracheal intubation (T 3), 1 minute after
tracheal intubation (T 4) and 5 minutes after tracheal
intubation (T 5).

I ntraoperative hypotension was defined as a
fall in MAP by >20% from baseline and was treated
with boluses of ephedrine 6mg every 3min as
needed. Bradycardia was defined as HR <50 beats/
min and was treated with atropine 0.01mg/kg in
both groups. After our study measurements com-
pleted, the study was discontinued.

The sample size was cal culated according to
the results of aprevious study [10] using epi-info
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software computer program created by center of
disease prevention and control, version 2002. It
was calculated as 30 patients for each study group
based on the following criteria: 95% confidence
limit, 80%power of study, group | to Group Il ratio
1: 1 and 2 groups comparison (30 in each).

The collected data were organized, tabulated
and statistically analyzed using SPSS (IBM, USA)
software statistical computer package Version 25.
For quantitative data, the range, mean and standard
deviation were calculated. For qualitative data,
comparison betweep two groups was done using
Chi-square test (X ). For comparison between
means of parametric data, student t-test was used.
The level of significance was adapted at p-value
<0.05.

Results

In this study, 69 patients were assessed for
eligibility; 7 patients did not meet the inclusion
criteriaand 2 patients refused to participate in the
study. 60 patients were randomized into two groups
30 patients in each one; Group-1 control group and
Group-I1 entropy group. All patients are followed-
up and analyzed Fig. (1).

There was no significant difference between
both groups as regard demographic data (age,
weight and sex) (Table 1). Comparison of HR &
MAP among the studied groups revealed insignif-
icant difference. In both groups, the HR was sig-
nificantly decrease from the baseline with induction
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but increased insignificantly at intubation Fig. (2).
MAP significantly decreased after induction com-
pared to the baseline in both groups Fig. (3).

There was no significant difference in the en-
tropy readings (RE & SE) at baseline, induction,
intubation, 1min and 5 minutes after intubation
between the two groups after induction, both RE
and SE dropped significantly in both groups when
compared to baseline (Tables 2,3). Comparison of
total dose of propofol used for induction of an-
esthesia between two groups revealed that there
was no significant difference.

Table (1): Patients demographic data and dosage of propofol
in the two studied groups.

Enrollment

Group | Group 11 p-
(n=30) (n=30) value
Age (years):
Range 62-80 60-80 0.307
Mean = SD 73.03+6.12 71.4+6.16
Weight (Kg):
Range 56-85 55-85 0.241
Mean = SD 71.27+8.85 68.57+8.79
BMI:
Range 22-33 21-32 0.390
Mean = SD 26.4£2.74 25.8+2.63
Sex:
Mae N (%) 15 (50%) 17 (56.7%) 0.796
Female N (%) 15 (50%) 13 (43.3%)
Dosage of propofol (mg):
Range 60-130 55-110 0.0852
Mean = SD 91.27+17.90 83.83+14.84
Assessed for eligibility (n=69)
Excluded (n=9)

* Not meeting inclusion criteria (n=7)
* Declined to participate (n=2)

Randomized (n=60)

Allocation

Group-I control group (30 patients):

Received propofol intravenously by titration guided by
patients’ clinical response (30mg was given intravenously
1 minutetill loss of response to verbal commands).

Group-I1 entropy group (30 patients):

Patients received propofol intravenously guided by entropy
mointoring (30mg was given intravenously 1 minute till
response entropy 482 as an end point of hypnosis).

Follow-up & analysis

30 patients included in the analysis
(O patient lost to follow-up discontinued intervention

30 patients included in the analysis
(O patient lost to follow-up discontinued intervention

Fig: (1): Patient flowchart summarizing enrollment, allocation, follow-up and analysisin the study protocol.
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Table (2): Comparison of RE between the two groups.

Entropy Vs. Clinical Response to Determine Propophol Requirement

Table (3): Comparison of SE between the two groups.

T1 T2 T3 T4 TS5 T1 T2 T3 T4 T5
Group I: Group I:
Mean 96.17 46.37 54.2 52.9 49.1 Mean 87.33 44.2 51.67 50.4 47.17
SD 1.89 4.15 4.44 4.4 4.39 SD 2.02 4.01 4.49 4.51 4.32
Group II: Group 1I:
Mean 97.06 47.73 55.73 54.53 50.33 Mean 87.73 45.7 53.27 52.17 48.17
SD 1.7 1.59 2.46 2.39 2.64 SD 1.74 2 2.76 2.73 2.82
p-value 0.058 0.097 0.104 0.079 0.193 p-value 0.41 0.072 0.102 0.071 0.29
100 120
80
—_ 90
5 60 =
_“§ £ 60
= [a W
b 40 =
a = 30
20
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Time Time
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Fig. (2): Comparison between heart rate changes in both
groups.

Discussion

With advancing of age, many physiological,
pharmacokinetic & pharmacodynamic alterations
exist. Therefore, geriatrics may benefit from mon-
itoring of depth of anesthesia to titrate induction
agents [11].

The present study showed that use of entropy
was associated with insignificant reduction in
dosage of propofol used for induction. In agreement
with our study, Arya et al., [10] who showed no
significant difference when assessed clinically or
by BIS monitoring (the end point was continuous
BIS value of 48 %2 for 1min). Also, Rundshagen
et al., [12] who observed that there was no signifi-
cant difference in total propofol or remifentanil
dose between EEG group (adjusted to a Narcotrend
level of D2-E0) and the other group (guided by
clinical manifestations).

On the contrary to our results, Riad W et al.,
[13] who demonstrated that the induction dose of
propofol was significantly decreased with adequate
cardiovascular stability using EEG entropy (to
keep SE 50 & SB-RE difference <10) than control
group (induction by 1.75mg/kg propofol). The
difference with our results could be explained by

Fig. (3): Comparison of MAP changes between Group I &
Group II.

the control group was given a higher dose of pro-
pofol (1.75mg/kg).

Also, Rao et al., [14] studied two groups: Control
group (propofol till loss of response to verbal
commands) and study group (propofol until the
SE was <50 and SE-RE difference was <10). In
the study group, extra dose of propofol (30mg/30s)
was given to achieve entropy target and no extra
dose of propofol was given in the control group.
This study found that there was no difference
between control group and study group in dose of
propofol/kg (1.80+0.23mg/kg vs 1.78 £0.25mg/kg
respectively). However, the total dose was higher
in the study group more than control group (1.98
£0.217mg/kg Vs 1.80+0.23mg/kg respectively) as
78% patients needed an extra dose of propofol.
The difference with our results could be explained
by the following differences in the study method-
ology: (I) Maintenance of SE <50 until completion
of endotracheal intubation, (Ii) Inclusion of younger
patients (age: 18-58y) (lii) Rocuronium (the muscle
relaxant used in the study) injection pain.

Moreover, Gruenewald et al., [15] used propofol
and remifentanil for total IV anesthesia and found
that total propofol dose (induction & maintenance)
was lower the entropy group (with a target SE
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range of 40-60) than in the standard practice group
and in contrast, the total remifentanil dose was
higher. This may be attributed to the decreased
usage during maintenance and not during induction.
Also, in disagreement with our results, Vakkuri A
et a., [16] who concluded that usage of entropy is
associated with decreased propofol dose during
anesthesia and early recovery than anesthesia guid-
ed by clinical manifestations of inadequate anesthe-
siaand hemodynamics. The difference with our
results could be explained by wide range of age
of patients (18-80) years old.

Also, Gurses et al., [17] studied three groups.
Group |: Propofol 2mg/kg was given to for induc-
tion. Groups Il and I11: Propofol was given untill
no response to verbal commands and until BIS
level were around 50 respectively. This study found
that the induction dose of propofol assessed by
BIS resultsin asignificant decrease in propofol
amount without complications (36% and 43% in
Groups I and 111 respectively as compared with
Group 1). The difference with our study could be
explained by different age (28-55 years) and high
dose given in Group | (2mg/kg). Moreover, Lee
JY etal., [18 study which was done on 70 children,
aged 3-10 and they concluded that entropy (SE
was maintained at 40-60) was associated with
decreased propofol dose and more rapid recovery
compared to standard practice (HR and SBP were
maintained at 20% of baseline). The difference
with our results as our study cases are elderly who
are more vulnerable to the anesthetic effects of
propofol. Schultz et al., [9] found that with the
same dose of propofol, lower values of EEG in
geriatrics than young patients.

As regard the hemodynamics, there were no
significant changesin HR and MAP in between
both groups. In both groups, the HR was signifi-
cantly decreased from the baseline with induction
but insignificantly increased at intubation. There
isinsignificant changein HR 1 minute after intu-
bation and significant decrease after 5 minutes of
intubation in both groups when compared to base-
line. In agreement with our study, Aryaet al., [10],
Riad et al., [12], Glrses et al., [17] and Gruenewald
et a., [15] who showed that HR values did not
significantly differ between the two groups.

On the contrary, Rao et al., [14], found that the
HR was significantly lower in the entropy group
at 1 min after intubation but there was no significant
differencein the HR at baseline, induction, intu-
bation in both groups. The difference with our
results could be explained by maintenance of SE
<50 until intubation was done.

2029

Asregard MAP, there was no significant dif-
ference at all readings between the groups. How-
ever, after induction, the MAP significantly de-
creased compared to the baseline in both groups.
There was a significant decrease in MAP after
induction of anesthesia and significant decrease
in MAP after 5 minutes after intubation when
compared to the baseline values. There were no
significant changesin MAP after intubation and 1
minute after intubation when compared to the
baseline values.

In correspondence with our results, Vakkuri A
et a., [16]. In the entropy group, the rate of propofol
was adjusted to keep SE between 45-65 until the
last 15min of anesthesia and rate of alfentanil to
control SE-RE difference <10 and HR & MAP
within £20% of baseline. In the control groups,
propofol and afentanil were given to maintain HR
& MAP within £20% of baseline. This study
showed that HR & MAP were comparable between
groups. Thisis explained by that alfentanil dose
was guided by HR & MAP in the two groups, not
only in the control group. Also, Aryaet a., [10]
and Gruenewald et al., [15] found that the changes
in MAP values did not differ between the two
groups. Also, Rao et al., [14] demonstrated that
there was no difference in the MAP between the
groups at baseline, induction, intubation and 1min
after intubation. However, SBP and DBP after
induction decreased compared to baseline in both
groups.

On the contrary to our results, Riad W et al.,
[13] who demonstrated that SBP, DBP and MAPs
were decreased in both groups after anesthesia
induction, but the hypotension was significantly
greater in the control group (this may be dueto
larger induction dose in the control group (1.75
mg/kg). It aso found that SBP, DBP and MAP
were not different before induction and after intu-
bation between both groups. Also, in contrast with
our results, Glrses et ., [17], conducted their study
on 60 patients undergoing surgery during GA who
were randomly classified into three groups accord-
ing to the propofol dose at the induction and found
that SBP was lower in Group | than the other
groups after anesthesiainduction, this may be due
to larger induction dose (2mg/kg). It aso found
SBP values did not change after anesthesia induc-
tion in Groups |1 and I11. DBP were not different
before and after anesthesia induction.

As regard the changes in the entropy parameter,
the present study showed that there was no differ-
ence in the entropy readings (RE & SE) between
the two groups. After induction, both RE and SE
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dropped significantly in both groups when com-
pared to baseline. Stress response associated with
intubation lead to a significant increase of RE and
SE in both control and entropy groups, but the RE
and SE values remained within the anesthetic
window (40-60).

In agreement with our results, Gruenewald et
a., [15] found that SE & RE decreased after induc-
tion of anesthesia and increased during emergence
and there was no significant difference with control
and entropy groups.

In disagreement with our results, Riad W et al.,
[13] who concluded that there was a significant
drop of entropy values in the control group as
compared with the entropy group which received
agreater induction dose. Also, Rap et al., [14] found
that SE & RE were lower in the entropy group
than control group at all readings except the base-
line. The entropy values were <65 and >50 at
induction, intubation and 1min after in the control
group. With intubation, SE & RE increased in both
groups but the RE-SE difference was <10. The
difference may be dueto: (I) Until intubation, SE
was maintained <50, (li) Inclusion of younger
patients. Also, Vakkuri A et al., [16] showed that
al over the operation, in the entropy group, RE
was higher (lower level of hypnosis) and propofol
dose was lower. The difference with our results
could be explained by use of cut-off value of RE
4812 (Vs. 45-65 in their study).

Conclusion:

During intubation, usual titration of propofol
until loss of verbal response, with the dose given
in our study, is as good as entropy monitoring in
elderly patients. So, routine use for this may not
be necessary and can be used in other age groups,
other anesthesia situations, medicolegal purposes
and research.

Recommendations:

Further studies should be carried out to clarify
the effect of use of entropy in dosage requirements
of propofol used in induction of anesthesiain
geriatric and should be performed on alarger
sample size of patients and different type of sur-
geries for generalization of these results.

Conflicts of interest: Nil.

Authors' Contributions: All authors had equal
role.
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